SPECIFICATION 

1. Title of the Invention 

SOLID-STATE IMAGING DEVICE 

2 . Claims 

1. A solid-state imaging device having a plurality of 
photo-electric conversion devices which are disposed on a single 
semiconductor substrate and a scanning means which reads out 
signal charges of the photo-electric conversion devices, wherein 
the photo-electric conversion devices are formed in an impurity 
layer having a concentration lower than that of an impurity layer 
in which the scanning means is formed. 

2. A solid-state imaging device having a plurality of 
photo-electric conversion devices which are disposed on a single 
semiconductor substrate and an amplification circuit which 
amplifies and reads out signal charges of the photo-electric 
conversion devices, wherein a power source line or a ground line 
of the amplification circuit is connected with the semiconductor 
substrate in the single semiconductor substrate. 

3. A two-dimensional solid-state imaging device having 
a photo-electric conversion device which is disposed 
two-dimensionally on a single semiconductor substrate and a 
scanningmeanswhichreadsoutasignalchargeof thephoto-electric 
conversion device, wherein the photo-electric conversion device 
is formed in an n type impurity layer. 

3 . Detailed Description of the Invention 

[Industrial Field] 

Thepresentinventionrelatestoasold-stateimagingdevice, 
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and more particularly, to a sold- state imaging device suitable 
for obtaining a high sensitivity and a low smear. 
[Prior Art] 

Conventionally, as a reprehensive example of a 
two-dimensional sold-state imaging device, there has been a MOS 
type sold-state imaging device (by M. Aoki et al, ISSCC Digest 
of Technical Papers, p26, February 13, 1980), which has a 
construction of circuits illustrated in FIG. 10. In FIG. 10, 
reference numeral 1 denotes photo-electric conversion devices 
(photodiodes) which are disposed two-dimensionally shape and 
perf ormsphoto- electric conversion. Ref erencenumeral 2 denotes 
a vertical scan circuit which select s each row . Ref erence numeral 
3 denotes a vertical gate line which guides a select signal from 
the vertical scan circuit 2 to each vertical switch. Reference 
numeral 4 denotes a vertical switch which is opened and closed 
according to the select signal from the vertical scan circuit 
2 . Reference numeral 5 denotes a horizontal scan circuit which 
performs selecting of each row. Reference numeral 6 denotes 
a horizontal switch which is opened and closed according to the 
select signal from the horizontal scan circuit 5. Reference 
numeral 7 denotes anamplif icationcircuitwhichisdeposedout side 
the device. Reference numerals 8 and 9 denote a vertical signal 
line and horizontal signal line, respectively. The circuit 
carries out the following operations. Firstly, in a horizontal 
blanking period, a voltage of the vertical gate line 3 of a row 
selected by the vertical scan circuit 2 is increased, so that 
the vertical switches 4 are opened, and signal charges are 
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transmitted from the host diodes 1 to the vertical signal line. 
Next, in a, horizontal scan period, the horizontal scan circuit 
5 is operated, so that the horizontal switches 6 are sequentially- 
opened and closed, and the signal charge are sequentially- 
transmitted through horizontal signal lines 9 and amplified by 
the amplification circuit 7 outside the device. 
[Problems to Be Solved by the Invention] 
The MOS type solid-state imaging device is implemented 
by not taking into consideration two points, that is, a KTC noise 
generated by a thermal noise of the horizontal switch 6 at the 
time of opening and closing the horizontal switch 6 and a noise 
of an external wide -band amplifier 7 required for high speed 
horizontal scan. As a result, there are problems of large noise 
and a low signal to noise ratio (hereinafter, referred to as 
an S/N ratio) . In addition, there is no consideration of a smear 
phenomenon generated according to surplus charges generated in 
the vertical signal line 8 due to leakage of light during one 
horizontal scan period. Therefore, at the time of imaging with 
a high illumination, that is, imaging of a bright object, bright, 
white continuing lines occur vertically in a reproduced image, 
so that there is a problem in that a quality of image deteriorates . 

Therefore, in Japanese Patent Application Laid-Open No. 
52-128123, the inventors of the present invention proposed a 
solid-state imaging circuit including an amplification circuit 
which senses and amplifies a potential of each of vertical signal 
lines 8, a reset switch which resets the vertical signal lines, 
andameans (hereafter, ref erredtoasacorrelationdoublesampling 
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circuit) which senses a difference between a potential of the 
empty vertical signal line 8 after the reset and a potential 
of the vertical signal line 8 having a signal and outputs only 
the true signal component, thereby capable of obtaining a low 
noise and a low smear. FIGS. 10 to 13 are views for explaining 
operations of an example of such a solid-state imaging device. 
Hereinafter, the operations will be described with reference 
to the drawings . 

FIG. 11 is a view illustrating a construction of a circuit 
according to an embodiment of the present invention. In the 
figure, reference numerals 1 to 6, 8, and 9 are the same as those 
of FIG. 10. Reference numeral 71 denotes a pre-amplif ication 
circuit which senses and amplifies a potential of each of the 
vertical signal lines. Reference numeral 72 denotes a self bias 
circuit which sets the pre-amplif ication circuit 71 to a high 
gain region. Reference numerals 74 , 73, and 75 denote a coupling 
capacitance, a feedback capacitance, and a clamp switch, 
respectively. Reference numeral 12 denotes a unity gain buffer 
amplifier. Reference numerals 13 to 17 denote unity gain buffers 
of which offsets are cancelled (by Y . A . HAOUE et al , IEEE Journal 
of Solid State Circuit Vol . SC-14, pp. 961-969, December. 1979). 
Reference numeral 13 denotes a memory capacitor. Reference 
numeral 14 denotes a sample hold switch for writing a signal 
in the memory capacitor 13 . Reference numeral 15 denotes a signal 
readswitch, andref erencenumeral 16 denotesaswitchf or canceling 
eachset . Ref erencenumerall7denotesanoutputbuf f eramplif ier , 
and reference numerals 18 and 19 denote power source line and 
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ground line of each amplifier, respectively. Terminals OUT 1 
and OUT 2 are output terminals. A voltage to a terminal V v is 
a bias voltage required for operations of the unity gain buffer 
amplifier. Voltages to terminals V D and V s are a power source 
voltage and a ground voltage of each amplifier. FIG. 12 is a 
view illustrating a timing chart of a driving pulse of the device 
illustrated in FIG. 11. SI to S5 are voltages to each terminal 
in FIG. 11. In the embodiment, each of switches is of N channel. 
In a case of P channel, polarities of clock signals are inverted. 
FIG. 13 illustrates a cross-sectional view taken along a line 
B-B ' of a portion of the photo-electric conversion unit enclosed 
by a dashed line in FIG. 11 and a cross-sectioned view taken 
along a line A-A ' of a portion of the scan circuit unit other 
thanthephoto-electricconversionunit . Inthe figure, reference 
numeral 21 denotes a p" type substrate. Reference Numerals 22, 
23, 24, and 25 denote a p type well, an n type well, an n + diffusion 
layer, andap + dif fusionlayer, respectively. Reference numerals 
26, 27, and 28 denote a gate polysilicon, a photodiode n" diffusion 
layer, and a photodiode p + diffusion layer, respectively. 
Reference numeral 29, 30, and 31 denote a field diffusion layer, 
af ieldoxidelayer, andaninterlayerinsulatinglayer . Reference 
numerals, 32-1, 32-2, 32-3, 33, 34, and 35 denote an aluminum 
wire line of power source of an amplifier, a first -layer aluminum 
wire line of ground of the amplifier, a vertical signal line 
aluminum wire line, aninterlayerinsulatinglayer, asecond-layer 
aluminum wire line for light shielding, and a protective layer, 
respectively. Hereinafter, operations of the embodiment will 
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be described. 

Firstly, in the horizontal blanking period, a DC output 
voltage of each row at the time of absence of signal charges 
and presence of only the smear charges is read out from the memory 
capacitor 13-1 of the unity gain buffer. The potentials of the 
terminals SI, S2, S3, and S5 are increased, so that the switches 
72, 75, 14-1, and 16 are opened. At this time, the vertical 
signal line 8 is reset, and the pre-amplif ier 71 is biased to 
the high gain region. In addition, an input terminal of the 
unity gain buffer amplifier 12 is reset to the bias voltage V v . 
In addition, a voltage of an input terminal of the output buffer 
amplif ierl7becomesanof f setvoltageof theoutputbuf feramplifier 
17 (ti, in FIG. 12) . Next, the switch 72 is closed, and the 
pre-amplif ier 71 is activated. At this time, due to the kTC 
noise, the voltage of the vertical signal line is fluctuated 
by V h . However, since the switch 75 is opened, the noise is not 
transferred after the buffer amplifier 12 (t 2 , in FIG. 12) . Next, 
the switch 75 is closed, and the unity gain buffer amplifier 
12 is activated. The potential change of the vertical signal 
line 8 after the time is transferred through the pre-amplif ier 
71, the coupling capacitance 74, and the unity gain buffer 12 
to the memory capacitor 13-1 (t 3 , in FIG. 12) . After the elapse 
of Tsi, the switch 14-1 is closed, the DC output voltage of the 
buffer amplifier 12 at the time of absence of signal charges 
and presence of only the smear charges is maintained at one- side 
electrodeof thememorycapacitorl3-l (t 4 , inFIG. 12) . Similarly, 
the DC output voltage at the time of presence of the signal charges 
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and the smear charges is read out from the memory capacitor 13-2 
of the unity gain buffer . Namely, the switches 72, 75, and 14-2 
are opened, and the input terminals of the vertical signal line 
8 and the buffer amplifier 12 are reset. Next, the switches 
72 and 75 are sequentially closed, and after that, a potential 
of an arbitrary vertical gate line 3 selected by the vertical 
scan circuit 2 is increased, so that the vertical switch 4 is 
opened and the signal charges are transferred from the photodiode 
to the vertical signal line 8 . After the elapse of T S2 from the 
time that the switch 75 is closed, the switch 14-2 is closed, 
and the DC output voltage of the unity gain buffer amplifier 
12 at the time of presence of the signal charges and the smear 
charges is maintained at the one -side electrode of the memory 
capacitor 13-2. Next, the switch 16 is closed, and the offset 
voltage of the output buffer amplifier 17 is maintained at the 
other-side electrodes of the memory capacitors 13-1 and 13-2. 

In the horizontal scan period, DC outputs of the unity 
gain buffer amplifier 12 at the time of presence of the signal 
charges and the smear charges and DC outputs at the time of absence 
of signal charges and presence of only the smear charges which 
are retained in the memory capacitors are sequentially read out . 
Namely, if an arbitrary column (an n-th column) is selected by 
the horizontal scan circuit, the horizontal switches 6-2 and 
the read switches 15-2 of the n-th column are opened, and the 
DC output voltage of the buffer amplifier 12 at the time of presence 
of signal charges in the n-th column which are retained in the 
memory capacitors 13-2 in the n-th column occurs at the terminal 
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OUT 2. In addition, at the same time, the horizontal switches 
6-1 and the read switches 15-1 in the (n+l)th column are also 
opened, and the DC output voltage of the buffer amplifier 12 
at the time of absence of the signal charges in the (n+1) th column 
which are maintained in the memory capacitors 13-1 in the (n+1) th 
columnoccurs at the terminal OUT 1. Therefore, the output voltage 
of the terminal OUT 1 are delayed by one clock, and if a difference 
from the output voltage of the terminal OUT 2 is maintained, 
the potential change of the vertical signal line due to the smear 
charges cannot be introduced therein. Accordingly, the true 
signal component can be obtained. 

According to the embodiment , a correlation double sampling 
circuit is provided to each of the vertical signal lines 8, so 
that it is possible to obtain a signal output without cross-talk 
of the kTC noise that is one of the main noise sources of the 
conventional MOS type solid-state imaging device . In addition, 
since the amplification circuits are provided to each of the 
vertical signal lines 8, the band required for operations of 
the amplification circuits can be set to be lower than the band 
requiredfortheamplificationcircuitsoftheconventionaldevice, 
so that it is possible to greatly reduce the noise of the amplifier, 
that is another one of the main noise sources of the conventional 
device. As a result, it is possible to obtain a high S/N ratio. 
Inaddition, the timeof occurrenceof surpluschargescross- talked 
into the signal is a time interval from a time that the self 
buffer switch 72 is closed to a time that the sample hold switch 
14 is closed. The time of occurrence of surplus charges can 
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be greatly reduced in comparison with the one horizontal scan 
period of the conventional device. In addition, the potential 
change of the vertical signal line due to the smear charges and 
the potential changes of the vertical signal line due to the 
smear charges and the signal charges are independently read out, 
and a difference thereof is obtained, so that the true signal 
where thesmearsarenotcross-talkedcanbeobtained. Accordingly, 
it is possible to obtain a device having low smear. 

However the above solid-state imaging device i s implemented 
by not taking into consideration the following three points. 
However, each point will be described. 

Firstly, asillustratedinFIG. 3, inthe solid- state imaging 
device, similarly to the conventional MOS type device, the 
transistors having the same polarities in the photo-electric 
conversion unit and the scan circuit unit are formed in the same 
pwell22 . Themulti -pixel, high-perf ormance sol id- state imaging 
device can be implemented by increasing a degree of integration 
using MOS transistors having fine dimensions in the scan circuit 
unit. According to the proportional reduction rule of the 
integrated circuit technology, as the dimension is reduced to 
1/k, a concentration of impurities of a substrate where the MOS 
transistors are formed (a well concentration of the solid-state 
imaging device) is increased by k times. As a result, if the 
f ineMOStransis torsareusedinordertoobtainthehighper f ormance , 
mult i -pixel solid-state imaging device, a well concentration 
of the photo-electric conversion unit as well as the scan circuit 
unit is increased . Due to the increase in the well concentration, 
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a width of depletion layer formed in the vicinity of the photodiode 
is reduced by l/Vk. As a result, a photo-electric conversion 
efficiency, that is, a photosensitivity is decreased. 

The technology for fine MOS transistors is effective for 
improvement of the degree of integration, but aphoto-sensitivity 
deteriorates, so that it causes a problem in that a high S/N 
ration cannot be achieved. In addition, the above- described 
problems are generally common to the conventional solid-state 
imaging device where the scan circuit unit and the photo-electric 
conversion unit are formed in the same impurity concentration 
layer irrespective of MOS type and CCD type solid-state imaging 
device . 

Secondly, in the solid-state imaging device, when a 
horizontal column of signals are read out from memory capacitors 
in a lump, all the amplifiers in the horizontal direction are 
operated. At this time, as indicated by arrows in FIG. 11, the 
operating current of each amplifier flows from the terminal V D 
through the power source line 18 to each amplifier and flows 
through the ground line 19 into the terminal V s . As a result, 
there are problems of large voltage drop in the power source 
line and the ground line, horizontal shading and malfunction 
of an amplifier. The problem of the voltage drop in the power 
source line and the ground line are generally common to MOS type 
integrated circuits which handle analog signals. 

Thirdly, similarly to the conventional solid-state imaging 
device, as illustrated in FIG. 13, the photo-electric conversion 
unit is formed in a p type impurity layer. As a result, the 
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following two problems occur. Firstly, the diffusion layer 24 
connected to the first-layer aluminum wire line constituting 
the vertical signal line is ann + impurity layer, and the vertical 
switch is formed with an n channel MOS transistor . In addition, 
similarlytoageneralnchannelMOStransistor,anelementisolation 
region is formed with a thick field oxide layer 3 0 and a 
high- concentration field p + diffusion layer 29 directly below. 
At this time, an n + -p + junction having a large capacitance per 
unit area is formed between the diffusion layer 24 and the field 
p + diffusion layer 29 (X in the figure) , and the capacitance 
thereof is in a range of 20 to 30% of the total capacitance of 
the vertical signal line. On the other hand, according to the 
inventors' analysis, a random noise of the solid-state imaging 
devicehasadependencyofC v 1/2 toV v 3/4 withrespecttothecapacitance 
C v of the vertical signal line. Namely, since the photo-electric 
conversion unit is formed in the p type impurity layer, the 
capacitance of the vertical signal line is increased, and the 
random noise is increased, so that there is a problem in that 
the S/N ratio is lowered. Secondly, the signal charges are 
electrons that are minor carriers in the p type impurity layer. 
For this reason, the generated carriers having a long diffusion 
length are introduced into adjacent photodiodes, so that there 
is a problem that the resolution deteriorates. Particularly, 
in a case of a device having a small pixel pitch such as a high 
precision device, the problem is of great significance. In 
addition, the above two problems are common to general MOS type 
imaging devices. 
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Three objects of the present invention are as follows. 
A first object is to implement an imaging device having a scan 
circuit having a high degree of integration and high performance 
and a photo-electric conversion unit having a high 
photo- sensitivity in a general imaging device of both a MOS type 
and a CCD type. A second object is to prevent malfunction of 
an amplifier by preventing a voltage drop in a power source line 
or a ground line in an analog integrated circuit with the amplifier 
embedded therein, particularly, in a solid-state imaging device . 
A third object is to reduce random noise, to obtain a high S/N 
ratio, and to achieve a high resolution characteristic by reducing 
a capacitance of a vertical signal line in a MOS type imaging 
device . 

[Means for Solving Problems] 

The first object is achieved by forming a scan circuit 
unit in a high concentration impurity layer and by forming a 
photo-electric conversion unit in a low concentration impurity 
layer. In addition, the second object is achieved by connecting 
power lines or ground lines of amplifiers to a semiconductor 
substrate in a device . In addition, the third ob j ect is achieved 
byf ormingthephoto-electricconversionunit inanntype impurity 
layer . 

[Operations] 

Firstly, by forming the scancircuit in a high concentration 
impurity layer according to the proportional reduction rule, 
it is possible to implement a highly- integrated high performance 
scan circuit by using a fine MOS transistor. In addition, by 
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formingthephoto-sensitiveportioninalowconcentrationimpurity 
layer, it is possible to extend the depletion layer in the vicinity 
of the photodiode and to improve the photosensitivity . By doing 
so, it is possible to implement a solid-state imaging device 
having a highly- integrated scan circuit having a highperf ormance 
and a photo-electric conversion unit having a high sensitivity. 

Secondly, since the power source line or the ground line 
of an amplifier is connected to the semiconductor substrate in 
the device, the operating current of the amplifier can flow in 
a rear surface from the substrate but not in the wire line layer 
disposed on a surface of the semiconductor . Since the operating 
current of each amplifier is small and since resistance of the 
rear surface from the substrate thereof is also small , the voltage 
drop in the power source line or the ground line of each amplifier 
becomessmall,andthemalfunctionoftheamplifiercanbeprevented. 

Thirdly, since thephoto-electricconversionunit is formed 
in the n type impurity layer, the transistors formed in the 
photo-electric conversion unit can be formed as the p channel. 
By doing so, since the element isolation is possible without 
formation of a high concentration diffusion layer in a field 
portion, it is possible to reduce the capacitance of the vertical 
signal line and to reduce the random noise. In addition, since 
the signal charges can be constituted by holes having a small 
diffusion length, it is possible to obtain a high resolution 
characteristic. 

[Embodiments] 

Hereinafter, an embodiment of a first present invention 



13 



will be described with reference to FIG. 1. In FIG. 1, reference 
numerals 2 1 to 3 5 are the sameas thoseof FIG . 13 . Inthe embodiment , 
a scan circuit unit (A-A 1 portion) has a cMOS structure where 
an n channel MOS transistor and a p channel MOS transistor are 
formed. The transistors are formed in a p type well 22 and an 
n type well 23 which have a concentration higher than that of 
the p substrate 21, respectively. On the other hand, a 
photo-electric conversion unit (B-B 1 portion) is formed in the 
p" substrate 21 having a low concentration. According to the 
embodiment, since the scan circuit unit is formed in the high 
concentration impurity layer, it is possible to easily implement 
a high degree of integration by using fine transistors. Since 
the photo-electric conversion unit is formed on the low 
concentration substrate, it is possible to obtain a high 
photosensitivity. In addition, according to the embodiment, 
since particular impurities need not to be formed in the 
photo-electric conversion unit, there is an advantage that the 
number of processes can be completely the same as that of the 
conventional case . 

In addition, in the embodiment, a case where the substrate 
is of a p type is described. However, in a case where the substrate 
is of an n type, the same applies if the polarities of the impurity 
layers are inverted. 

In addition, although a case where the scan circuit unit 
has the cMOS structure is described, the effect of the present 
invention does not change even in a case where the scan circuit 
unit is formed with only the nMOS or pMOS . 
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In addition, a well layer having a concentration higher 
than that of the substrate and lower than that of the scan circuit 
unit and having the same type of polarity as that of the substrate 
maybef ormedinthephoto-electricconversionunit . Anembodiment 
of such a device structure is illustrated in FIG. 2. In FIG. 
2(a), reference numeral "a" denotes an impurity layer having 
the same polarity type as that of a substrate formed on the upper 
portionof the subs trate21andhavingaconcentrationof impurities 
higher than that of the substrate. The layer may be formed by 
diffusion of p type impurities or by epitaxial growth on the 
upperportionof thesubstrate21 . Inaddition, ref erencenumerals 
22 and 23 denote a P well and an N well which have a concentration 
higher than that of the impurity layer "a". Here, a depth of 
each impurity layer may be selected as a needed value in terms 
of a photosensitivity characteristic and a resistance pressure . 
In addition, the depth may be set in any relationship of W PD 
= W sc , W PD > W sc , W PD < W sc , or the like. 

In FIG. 2 (b) , "b" denotes an impurity layer for preventing 
charges generated in a deep portion of the substrate from being 
introduced into the photo-electric conversion region and 
prevent ingoccurrenceof smearsanddarkcurrentsanddeteriorat ion 
of resolution. The buried layer is a layer having the same type 
of impurity as that of the substrate and having a concentration 
of impurities higher than that of the buried substrate. The 
charges that are generated in a portion deeper than the layer 
cannot be di f f us ed into a layer higher than the layer by a po t ent ial 
barrier formed by the layer and the substrate . A depth of the 
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layer may also be a desired value in terms of the needed 
photosensitivity characteristic or the like. In addition, the 
depth may be set in any relationship of W PD > W sc , W PD < W sc , or 
the like. In addition, the layer may be formed over the entire 
device by diffusing the layer into the scan circuit region as 
well as the photo-electric conversion region. 

Next, another embodiment of the first present invention 
will be described with reference to FIG. 3 . Reference numerals 
22 to 3 5 are the same as those of FIG. 13. Reference numerals 
41 and 42 denote an n type substrate and p" well, respectively. 
In the embodiment, the photo-electric conversion unit (B-B' 
portion) has a polarity opposite to that of the substrate and 
is formed in a well having a concentration lower than that of 
the scancircuit unit . According to the embodiment , itispossible 
to implement an imaging device having a highly- integrated scan 
circuit and having a high photosensitivity. 

In addition, in a case where the substrate is of a p type, 
the same applies if the polarities of the impurity layers are 
inverted. 

In addition, the scan circuit may be formed with only nMOS 
or only pMOS . 

Inaddition, intheembodimentof thef irstpresent invent ion, 
although the case of MOS type is described, it can be also adapted 
to a CCD type imaging device. 

FIG . 4illustratesanembodimentof asecondpresentinvention. 
In the figure, reference numerals 21 to 3 5 are the same as those 
of FIG. 13. In the embodiment , the ground line 44 of the amplifier 
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connected to the source of the nMOS transistor formed in the 
p type well 22 of the scan circuit unit is connected through 
the contact p + layer 43 of the substrate to the p type well 22 
and the p" type substrate 21. The contact is provided to each 
amplifier arrayed in the horizontal direction. A current flowing 
f romthepowersourceline32 - ithrougheachtransistorconstituting 
the amplifier flows through the ground line 44 of the amplifier, 
the contact p + layer 43 of the substrate, and the p type well 
intothep'substrateandreachestherearsurf acethereof ( indicated 
by an arrow in the figure) . Since the resistance from the contact 
p + layer of the substrate to the rear surface thereof is small 
and since the flowing current corresponds to one amplifier, the 
voltage drop therebetween is negligible. Therefore, according 
to the embodiment, it is possible to prevent the voltage drop 
in the ground line and to prevent the malfunction of the amplifier . 
In addition, since there is no need to scan the ground line 44 
in the horizontal direction, it is effective for a higher degree 
of integration of the device. 

Inaddition, in the embodiment , a case of thep type substrate 
is described. However, in a case of the n type substrate, since 
the voltage of substrate becomes maximized in the device, the 
same effect can be obtained by connecting the power source line 
of the amplifier to the substrate. 

FIG . 5 illustrates another embodiment of the secondpresent 
invention. In the figure, reference numerals 21 to 3 5 are the 
same as those of FIG. 13, and reference numerals 43 and 44 are 
the same as those of FIG. 4. The power source line 32-1 of the 
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amplifier is connected via a through hole 45 to a second aluminum 
wire line for light shielding which is disposed so as to prevent 
the malfunction of the scan circuit unit. As a result, in the 
embodiment , it is possible to increase a width of the power source 
line without an increase in area and to prevent the voltage drop 
in the power source line. 

In addition, the same effect can also be obtained with 
respect to the ground line. 

In addition, the second present invention is not limited 
to the solid-state imaging device, but it can be adapted to a 
general integratedcircuit having anamplif ierandhandling analog 
signals . 

FIG . 6 illustratesanembodimentof athirdpresent invent ion . 
In the figure, reference numerals 25, 26, 30 to 33, and 35 are 
the same as those of FIG. 13, and reference numerals 51, 52, 
and 53 denote an n" substrate, a photodiode p" diffusion layer, 
and a photodiode n + diffusion layer, respectively. Since the 
photo-electric conversion unit is formed in an n type impurity 
layer, there is no need to form a high concentration impurity 
layerinanelementisolationregion. Asaresult, inthe embodiment , 
it is possible to decrease the capacitance of the vertical signal 
line and reduce the random noise without formation of high 
concentration sides between the p + diffusion layers connected 
to the vertical signal line 32-3 . In addition, since the signal 
charges are holes that are minor carriers in the n type substrate 
and since the holes have a diffusion length smaller than that 
of the electrons, it is possible to obtain a high resolution 
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characteristic . 

In addition, the n + diffusion layer 53 can be omitted. 
It maybe formed under the p~ diffusion layer 52 , and the diffusion 
layer 52 may be a high concentration layer. 

FIG. 7 illustrates another embodiment of the third present 
invention. In the figure, reference numerals 25, 26, 30, 31, 
33 , and 35 are the same as those of FIG . 13 , and reference numerals 
51 to 53 are the same as those of FIG. 6. Reference numeral 
55 denotes a first-layer aluminum wire line for a contact between 
the vertical signal line second-layer aluminum wire line 54 and 
the p + diffusion layer 25 . According to the present embodiment, 
by using the second-layer aluminum wire line for the vertical 
signal line, a thickness d of the insulating layer between a 
wire line and the substrate can be increased, so that it is possible 
to decrease the capacitance of the vertical signal line and to 
reduce the random noise. 

In addition, in the embodiment illustrated in FIGS. 6 and 
7, since the photodiode structure including a substrate having 
a high concentration layer and having the same polarity as a 
substrate disposed on the upper portion thereof and a low 
concentration diffusion layer having the opposite polarity has 
a low dark current and a depletion at the time of reading signals , 
there is a good characteristic that a. reset noise does not occur. 
However, in a CCD type device, a potential well is generated 
inaport ion where the lowconcentrationdif fusionlayer is inserted 
under the read polysilicon gate, so that latent image is formed. 
On the contrary, in the aforementioned structure of the present 



19 



invention, particularly in a case where major carriers having 
the same polarity as the signal charges are present in a portion 
(hereinafter , ref erredtoasareadport ion) oppositetoaphotodiode 
of a reading gate, the voltage at the time of turning on the 
read gate can be designed to be lower than the potential of the 
read portion, so that it is possible to solve the aforementioned 
problem. Hereinafter, it will be described with reference to 
FIG. 8. FIG. 8(a) is a cross-sectional view of a photo-electric 
conversion unit that is the same as that of FIG. 7. FIGS. 8 (b) , 
(c) , and (d) are views illustratingpotentials according to signal 
charges (holes) of each component at the time of storing signal 
charges, reading signals, and ending of reading signals. In 
the figure , reference numerals Q s and Q h denote the signal charges 
and the residual charges. Hereinafter, the operations will be 
described. At the time of storing the signal charges, theresidual 
charge Q n and the signal charge Q s are stored in the photodiode, 
and ma j or carriers having the same polarity as the signal charges 
are present in the vertical signal line (FIG. 8(a)) . At time 
of reading the signals, the voltage at the time of turning on 
the read gate becomes higher than the potential of the vertical 
signal line, and the residual charges Q n flow into the potential 
well formed in the portion where the low concentration diffusion 
layer 52 is inserted under the read gate as illustrated in Y 
of (a) of the figure, and the signal charges Q s are diffused 
into the vertical signal line having a high capacitance (FIG. 
8 (b) ) . Next, if the read gate is turned off, only the residual 
charges Q n in the potential well return to the photodiode (FIG. 
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8 (c) ) . In the two-dimensional solid-state imaging device, the 
followingoperationsarerepeated. However, theresidualcharges 
Q n present in the potential well that are causes of the latent 
imagealwaysreciprocatesbetweenthephotodiode , andthepotential 
well , but the residual charges arenot readout to external port ions 
of the device. Therefore, the residue that is a problem of the 
conventional CCD type does not occur. In addition, the effects 
described in the embodiment can be obtained irrespective of 
polarities of the carriers. In addition, a high concentration 
layer having the same polarity as that of the substrate needs 
not to be disposed on the upper portion of the photodiode . In 
addition, even if the read portion is not a vertical signal line, 
the same effect can be obtained if the major carriers having 
the same polarity as that of the signal charges are present. 

FIG. 9 illustrates another embodiment of the third present 
invention. The embodiment is implementedby applying the present 
invention to an solid-state imaging circuit having an amplifier 
at each of pixel (Ando et al . , Proceedings of '1986 National 
Conference of Television Society, pp5l-pp52) . In the figure, 
reference numerals 25, 30, 31, 33, and 3 5 are the same as those 
of FIG. 11, and reference numerals 51, 25-1, 26-2, and 26 -3 denotes 
an n" type substrate, a p + photodiode diffusion layer, a gate 
polysilicon of an amplifier driver transistor, and a gate 
polysilicon of a reset transistor, respectively. In the 
embodiment , since the amplifier driver transistor is constructed 
with pMOS transistors, the 1/f noise is smaller than that of 
the nMOS transistors, so that it is possible to obtain. low noise. 
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In addition, the embodiment can be adapted to the pMOS driver 
transistor irrespective of detailed forms of the amplifier 
illustrated in the drawings. 

In addition, the third present invention can be used to 
improve resolution by being applied to the CCD type device as 
well as the MOS type, pixel amplifying type device. 

[Effects of the Invention] 

According to the first present invention, since the scan 
circuitunitcanbehighlyintegratedandsincethephotosensitivity 
can be increased by the photo-electric conversion unit, so that 
it is possible to implement a mult i -pixel and high density 
solid-state imaging device. According to the second present 
invention, since the voltage drop at the power line or the ground 
line of the amplifier can be reduced, so that it is possible 
topreventmalfunctionof theamplif ierincorporatedinthedevice . 
According to the third present invention, since the capacitance 
of the vertical signal line is lowered and since holes having 
a small diffusion length is used as signal charges , it is possible 
to implement an imaging device having a low random noise and 
a high resolution. 

4 . Brief Description of the Drawings 

FIG. 1 is a view illustrating a cross -sectional structure 
ofascancircuitunitandaphoto-electricconversionunitaccording 
to an embodiment of a first present invention. 

FIGS. 2 and 3 are views illustrating a cross-sectional 
structure of a scan circuit unit and a photo-electric conversion 
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unitaccordingtoanotherembodimentofthef irstpresentinvention. 

FIG. 4 is a view illustrating a cross-sectional structure 
of a scan circuit unit according to an embodiment of a second 
present invention. 

FIG. 5 is a view illustrating a cross-sectional structure 
of a scan circuit unit according to another embodiment of the 
second present invention. 

FIG. 6 is a view illustrating a cross -sectional structure 
of a photo-electric conversion unit according to an embodiment 
of a third present invention. 

FIGS. 7 and 9 are views illustrating a cross-sectional 
structure of aphoto- electric conversionunit according toanother 
embodiment of a third present invention. 

FIG. 8 is a view illustrating a cross-sectional structure 
of a photo-electric conversionunit and a potential distribution 
for explaining a driving method where a residue does not occur. 

FIGS. 10 and 11 are views illustrating a construction of 
circuits of a conventional MOS type solid-state imaging device. 

FIG. 12 is a view illustrating a timing chart of a driving 
pulse of the device illustrated in FIG. 10. 

FIG. 13 is a cross-sectional view taken along lines A-A' 
and B-B' of the device illustrated in FIG. 9. 
21: P" substrate 
22 : P TYPE WELL 
23: N TYPE WELL 
24: N + diffusion layer 
25: P + diffusion layer 
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26: gate polysilicon 

27: n" diffusion layer of photodiode 

28: p + diffusion layer of photodiode 

29: field p + diffusion layer 

30: field oxide layer 

31: interlayer insulating layer 

32 - 1 : first- layer aluminum wire line for power source of amplifier 
32-2: first-layer aluminum wire line for ground of amplifier 
32-3: first-layer aluminum wire line of vertical signal line 
33 : interlayer insulating layer 

34: second-layer aluminum wire line for light shielding 
35: protective layer 
41: n type substrate 
42 : p" well 

43 : substrate contact p + layer 

44 : ground wire line of amplifier 

45 : through hole 

51: n" type substrate 

52 : p" diffusion layer of photodiode 

53: n + diffusion layer of photodiode 

54: second-layer aluminum wire line of vertical signal line 
55: first-layer aluminum wire line for contact 
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FIG. 3 

41: n type substrate 
42: p" well 

FIG. 5 

43: contact p + layer of substrate 
4: ground wire line of amplifier 
45: through hole 

FIG. 7 

51: n" type substrate 

52: p" diffusion layer of photodiode 

53: n + diffusion layer of photodiode 

54: second-layer aluminum wire line of vertical signal line 
55: first-layer aluminum wire line for contact 

FIG. 8 

substrate potential 

vertical signal line potential 

gate-on potential 

Qs: signal charge 

On: residual charge 

26-1: read gate 

FIG. 10 

5: horizontal scan circuit 
2 : vertical scan circuit 
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1: photo-electric conversion device 

2 : vertical scan circuit 

3 : vertical gate line 

4 : vertical switch 

5: horizontal scan circuit 

6: horizontal switch 

7: external amplifier 

8: vertical signal line 

9: horizontal signal line 

25- 1: p + photodiode diffusion layer 

26- 2: amplifier driver transistor 

26-3: gate polysilicon of reset transistor 

FIG. 11 

5: horizontal scan circuit 

2: vertical scan circuit 

photo-electric conversion unit 

12 : unity gain buffer amplifier 

13 : memory capacitor 

14 : sample hold switch 

15 : signal read switch 

16: offset cancel switch 

17: output buffer amplifier 

18 : power source line of amplifier 

19: ground line of amplifier 

71: pre-amplif ier 

72 : self buffer switch 
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73 : feedback capacitance 
74: coupling capacitance 
75: clamp switch 

FIG. 12 

potential Vp of arbitrary vertical gate line 
FIG. 13 

21: p" type substrate 

22 : p type well 

23 : n type well 

24: n + diffusion layer 

25: p + diffusion layer 

26: gate polysilicon 

27: n" diffusion layer of photodiode 

28: p + diffusion layer of photodiode 

29: field diffusion layer 

30: field oxide layer 

31: interlayer insulating layer 

32-1: aluminum wire line for power source of amplifier 
32-2: first-layer aluminum wire line for ground of amplifier 
32-3: aluminum wire line of vertical signal line 
33: interlayer insulating layer 

34: second-layer aluminum wire line for light shielding 
35: protective layer 
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